>-.Wrt>'JS=r^'-*'->*'**i'’ 


//i" 


FOR  FURTHER  TRAM 


^ I r^r\-^\D^7-^2^^  j 


FAA-R[ 

■^j:> 


EVALUATION  OF  A MODEL  FOR  SYNTHESIZING 
^ ^ AIRCRAFT  ANTENNA  PATTERNS 

CO 


] 


/ 


|jjj  Research  Institute 
Under  Contract  to 
DEPARTMENT  OF  DEFENSE 
Electromagnetic  Compatibility  Analysis  Center 
Annapolis,  Maryland  21402 


■>  o»-Lmv, 


n /tc  , 
! 

*■  o_i 


fyltc  /£ 4 |/v (AV  l<^a.  I A 


o Su6a-n  Isi.oj'^r 

CJ) 


^Mris  o'  ^ 


/'iiiyFel 


76 


Q . FINAL  REpSiY, 


■ ?\ 


Document  is  available  to  the  public  through  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161 . 


no  i F 


Prepared  for 


U.S.  DEPARTMENT  OF  TRANSPORTATION  O 
FEDERAL  AVIATION  ADMINISTRATION 
Systems  Research  & Development  Service 
Washington,  DC  20590 


CipD  D C 

WrSIEDD  OEj 

JJ  HAY  SO  1971 


lEiSEinrE 

D 


/» 


■4^ 


t 


NOTICE 


This  document  is  disseminated  under  the  sponsorship  of  the  Department  of 
Transportation  in  the  interest  of  information  exchange.  The  United  States  Government 
assumes  no  liability  for  its  contents  or  use  thereof. 


Ttchnicil  Rtport  Docum«nt»tion  Page 


1 A*PO«'t  No. 

FAA-RD-77-121'^ 

2.  Oov*rfim«nt  AcCMtion  No. 

3.  Roeipi4nt*t  CaUlOf  No 

4.  Titid  and  Subtift* 

EVALUATION  OF  A MODEL  FOR  SYNTHESIZING  AIRCRAFT 

ANTENNA  PATTERNS 

9.  R4porl  0«t« 

February  1976 

6.  Performing  Orgemzation  Cod* 

7 Author(t) 

Alec  Bulawka  and  Susan  Stover  of  IIT  Research  Institute 

8.  Performing  Orgenization  Report  No 

ECAC-PR-75-064'^ 

9.  Performing  Orgomzetion  Name  ar>d  Addrasi 

DoD  Electromagnetic  Compatibility  Analysis  Center 

North  Severn 

Annapolis,  Maryland  21402 

10.  Work  Unit  No.  (TRAIS) 

12.  Sponsoring  Agency  Name  and  Addraet 

U.S.  Department  of  Transportation 

Federal  Aviation  Administration 

Systems  Research  and  Development  Service 

Washinpton.  DC  20590 



13.  Type  of  Report  end  Period  Covered 

Final  Report 

14.  Sponeoring  Agency  Code 

IS  Supplamenlary  Noias 

Performed  for  the  Spectrum  Management  Staff,  Systems  Research  and  Development 

Service,  FAA 

16  Abstract  [ 

V 

The  Federal  Aviation  Administration  (FAA)  tasked  the  Electro- 
magnetic Compatibility  Analysis  Center  (ECAC)  to  determine  the  impact 
of  aircraft  antenna  radiation  characteristics  on  Air  Traffic  Control 

Radar  Beacon  System  (ATCRBS)  performance. 

An  aircraft  antenna  pattern  synthesis  model  developed  by  Ohio 

State  University  was  examined  in  this  report  (Task  30,  Part  1)  to 
determine  its  applicability  to  ATCRBS  performance  analysis.  Using 
the  model  as  a vehicle,  comparatively  good  patterns  (with  respect 
to  measured  data)  were  generated  for  several  representative  aircraft 
that  employ  the  ATCRBS  transponder.  It  was  concluded  that  the  model 
is  well  adapted  to  this  type  of  application. 

A subsequent  report  (Task  30,  Part  2)  discusses  the  effect  of 
aircraft  orientation,  in  conjunction  with  ATCRBS  antenna  patterns, 
on  ATCRBS  performance. 


K*v  Wordt 

SYNTHESIS  MODEL 
ANTENNA  RADIATION  PATTERNS 
AIRFRAME  REPRESENTATION 
OSUAP 


18  Oittributioo  Siattmvnt 


Document  is  available  to  the  public 
through  the  National  Technical  Infor- 
mation Service,  Springfield,  Virginia 
22161 


19  Security  CleMif  (of  thit  report) 

> - I 

20.  Security  Cletstf  (of  thi*  peg*) 

21  No.  of  Peget 

22.  Price 

UNCLASSIFIED 

UNCLASSIFIED 

100 

Form  DOT  F 1700.7  (8-72) 


Reproduction  of  completed  pege  authorized 
i 


FAA-RD-77-121 


PREFACE 


The  Electromagnetic  Compatibility  Analysis  Center  (ECAC)  is  a Department  of 
Defense  facility,  established  to  provide  advice  and  assistance  on  electromagnetic 
compatibility  matters  to  the  Secretary -of  Defense,  the  Joint  Chiefs  of  Staff,  the  military 
departments  and  other  DoD  components.  The  Center,  located  at  North  Severn,  Annapolis, 
Maryland  21402,  is  under  executive  control  of  the  Assistant  Secretary  of  Defense  for 
Communication,  Command,  Control,  and  Intelligence  and  the  Chairman,  Joint  Chiefs  of 
Staff,  or  their  designees,  who  jointly  provide  policy  guidance,  assign  projects,  and  establish 
priorities.  ECAC  functions  under  the  direction  of  the  Secretary  of  the  Air  Force  and  the 
management  and  technical  direction  of  the  Center  are  provided  by  military  and  civil  service 
personnel.  The  technical  operations  function  is  provided  through  an  Air  Force  sponsored 
contract  with  the  I IT  Research  Institute  (IITRI). 

This  report  was  prepared  for  the  Systems  Research  and  Development  Service  of  the 
Federal  Aviation  Administration  in  accordance  with  Interagency  Agreement 
r DdT'EA20WAI-175,  as  part  of  AF  Project  649E  under  Contract  F-19628-78-C-0006,  by  the 
\ ^ staff  of  the  I IT  Research  Institute  at  the  Department  of  Defense  Electromagnetic 
Compatibility  Analysis  Center. 

The  special  contribution  of  Dr.  W.  D.  Burnside  of  the  Ohio  State  University 
Electroscience  Laboratory,  whose  cooperation  and  assistance  made  this  report  possible,  is 
acknowledged. 

To  the  extent  possible,  all  abbreviations  and  symbols  used  in  this  report  are  taken  from 
American  Standard  Y10.19  (1967)  “Units  Used  in  Electrical  Science  and  Electrical 
Engineering"  issued  by  the  USA  Standards  Institute. 

Reviewed  by: 

R.  B.  WARREN 
Assistant  Director 
Contractor  Operations 


M.  A.  SKEATH 
Deputy  Director 
Joint  Programs 


-1  / 


AiALEC  BULAWKA 
Project  Engineer,  IITRI 


Approved  by: 

THOMAS  A.  Af 
Colonel,  USAF 
Director 
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FEDERAL  AVIATION  ADMINISTRATION 
SYSTEMS  RESEARCH  AND  DEVELOPMENT  SERVICE 
SPECTRUM  MANAGEMENT  STAFF 


STATEMENT  OF  MISSION 

The  mission  of  the  Spectrum  Management  Staff  is  to  assist  the  Department  of  State, 
Office  of  Telecommunications  Policy,  and  the  Federal  Communications  Commission  in 
assuring  the  FAA's  and  the  nation's  aviation  interests  with  sufficient  protected 
electromagnetic  telecommunications  resources  throughout  the  world  to  provide  for  the  safe 
conduct  of  aeronautical  flight  by  fostering  effective  and  efficient  use  of  a natural 
resource--the  electromagnetic  radio-frequency  spectrum. 

This  objective  is  achieved  through  the  following  services: 

• Planning  and  defending  the  acquisition  and  retention  of  sufficient  radio-frequency 
spectrum  to  support  the  aeronautical  interests  of  the  nation,  at  home  and  abroad,  and 
spectrum  standardization  for  the  world's  aviation  community. 

• Providing  research,  analysis,  engineering,  and  evaluation  in  the  development  of 
spectrum  related  policy,  planning,  standards,  criteria,  measurement  equipment,  and 
measurement  techniques. 

• Conducting  electromagnetic  compatibility  analyses  to  determine  intra/inter-system 
viability  and  design  parameters,  to  assure  certification  of  adequate  spectrum  to  support 
system  operational  use  and  projected  growth  patterns,  to  defend  the  aeronautical 
services  spectrum  from  encroachment  by  others,  and  to  provide  for  the  efficient  use  of 
the  aeronautical  spectrum. 

• Developing  automated  frequency-selection  computer  programs/routines  to  provide 
frequency  planning,  frequency  assignment,  and  spectrum  analysis  capabilities  in  the 
spectrum  supporting  the  National  Airspace  System. 

• Providing  spectrum  management  consultation,  assistance,  and  guidance  to  all  aviation 
interests,  users,  and  providers  of  equipment  and  services,  both  national  and 
international. 
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EXECUTIVE  SUMMARY 


With  the  increasing  density  of  air  traffic,  maintaining  air- 
craft safety  has  become  an  item  of  prime  concern.  Continuous, 
uninterrupted  surveillance  of  aircraft  by  ground  controllers  has 
become  a virtual  must  in  the  heavily  congested  air  environment 
over  the  United  States.  The  Federal  Aviation  Administration  (FAA) 
has  kept  stride  with  the  ever-increasing  surveillance  needs  by 
periodically  upgrading  its  automated  systems.  These  systems  rely 
on  the  Air  Traffic  Control  Radar  Beacon  System  (ATCRBS)  for  accu- 
rate and  reliable  information. 

Needing  a better  insight  into  air-to-ground  transponder  an- 
tenna coupling  discontinuities,  the  FAA  engaged  the  DoD  ECAC 
to  determine  the  suitability  of  antenna-pattern-synthesis  computer 
programs  for  ATCRBS  system  performance  analysis.  The  Ohio  State 
University  Antenna  Pattern  (OSUAP)  synthesis  model  was  selected 
as  the  more  versatile  of  only  two  known  models  with  this  capability. 

The  model  determines  the  effects  of  the  basic  aircraft  struc- 
ture on  the  radiation  pattern  of  an  antenna  mounted  on  its  fuse- 
lage. Four  representative  aircraft  were  selected  to  test  the 
model's  usefulness  for  application  to  FAA-related  problems. 

Antenna  patterns  were  generated  by  the  model  for  the  ATCRBS 
transponder  antennas  on  the  four  aircraft.  The  synthesized 
patterns  closely  approximate  patterns  obtained  from  scale-model 
measurements  made  by  Lincoln  Laboratories. 
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Section  1 


SECTION  1 
INTRODUCTION 


BACKGROUND 

During  the  past  few  years  the  Federal  Aviation  Administration 
(FAA)  has  enhanced  air  traffic  control  surveillance  through  use 
of  automated  systems  to  provide  target  tracking,  alpha-numeric 
displays,  altitude  reporting,  and  discrete  identification.  These 
automated  systems  rely  on  the  ATCRBS  (Air  Traffic  Control  Radar 
Beacon  System)  for  high-quality  interference- free  input  data. 

The  FAA  and  DoD  have  significantly  improved  ATCRBS  performance 
through  the  AIMS  (ATCRBS- IFF-MK  XII  System)  Program,  the  ATCRBS 
Improvement  Program,  and  the  ATCRBS  interrogator-control  and  PRF 
management  programs.  However,  despite  these  improvements,  prob- 
lems relating  to  the  ATCRBS  omni-directional  antenna  aboard  the 
aircraft  still  concern  FAA, 

Theoretically,  the  ATCRBS  airborne  antenna  should  be  omni- 
directional. However,  because  of  the  antenna's  location  on  the 
aircraft  and  shielding  afforded  by  the  wings,  nacelles,  and 
fuselage,  nulls  are  generated  in  the  antenna  pattern.  Frequently 
in  a turn  or  a bank  an  aircraft  antenna  will  be  shielded  from 
the  direct  line-of-sight  path  to  an  interrogator,  thereby  causing 
a broken  or  missed  target  return.  This  can  result  in  track  loss 
with  the  automated  system  and  increased  controller  fatigue  with 
the  wide-band  system. 

The  FAA,  needing  a better  understanding  of  how  ATCRBS  per- 
formance is  affected  by  aircraft  antennas,  engaged  ECAC  to  deter- 
mine aircraft  antenna  radiation  characteristics. 

OBJECTIVE 


The  objective  of  this  task  (Task  30,  Part  1 of  2 parts)  was  to 
evaluate  the  suitability  of  antenna-synthesis  computer  programs  for 
use  in  analyses  of  ATCRBS  system  performance.  (Part  2 of  Task  30 
is  covered  in  a separate  report).^ 

APPROACH 

ECAC  obtained  the  documentation  and  computer  program  for  the 
Ohio  State  University  Antenna  Pattern  (OSUAP)  synthesis  model.  The 


^Gibson,  T. , Evaluation  of  Transponder  Antenna  Coverage/ ATCRBS  Per- 
formance During  Simulated  Flights  of  Aircraft,  FAA- RD- 77- 122,  ECAC, 
Annapolis,  MD,  July  1976. 
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documentation  and  program  were  reviewed  to  determine  if  the  model 
can  be  a useful  tool  in  examining  the  impact  of  antenna  patterns 
on  ATCRBS  performance.  Factors  considered  in  selecting  this  model 
were  the  ability  of  the  model  to  accommodate  movement  of  antennas 
on  the  fuselage;  the  variety  of  antenna  types  that  can  be  modeled; 
the  fact  that  the  aircraft  is  treated  as  a three-dimensional  shape; 
and  the  ease  of  modifying  and  using  the  program.  The  model  was 
analyzed  and  executed  on  the  ECAC  UNIVAC  1110  computer  for  several 
representative  aircraft.  Comparisons  were  made  between  measured 
and  computer- generated  patterns. 
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Section  2 


SECTION  2 

ANALYSIS  AND  IMPLEMENTATION  OF  THE  MODEL 


GENERAL 


This  section  illustrates  the  application  of  the  Ohio  State 
University  Antenna  Pattern  (OSUAP)  model  in  determining  radiation 
patterns  for  fuselage-mounted  aircraft  antennas  in  three  prin- 
cipal planes.  A detailed  mathematical  description  of  model  develop- 
ment is  presented  by  W.  D.  Burnside  of  Ohio  State  University.^ 


Four  specific  aircraft  are  used  in  this  report  for  comparison 
between  the  model- synthesized  patterns  and  measured  patterns. 

They  are: 

1.  BOEING  747 

2.  BOEING  727 

3.  CESSNA  150 

4.  MCDONNELL  DOUGLAS  PHANTOM  (F-4H) . 


AIRCRAFT  MODELING 


The  basic  aircraft  configuration  analyzed  herein  is  illustrated 
in  Figure  1.  It  is  composed  of  flat  plates  and  a cylinder,  which 
are  the  most  important  contributors  to  the  antenna  pattern  develop- 
ment. The  model  was  developed  with  certain  limitations  on  defining 
the  physical  structure  of  the  aircraft.  The  engines  and  vertical 
stabilizer  were  omitted  from  consideration  and  the  fuselage  was 
modeled  as  an  infinitely  long  cylinder. 

In  the  following  paragraphs,  the  representations  used  by  the 
Ohio  State  model  are  discussed. 

The  roll-plane  cross  section  of  an  aircraft  is  in  the  X-Y 
plane  which  revolves  around  the  Z axis.  Figure  2 illustrates  the 
BOEING  727,  and  Figure  3 shows  the  geometry  of  an  idealized  version 
of  the  same  aircraft  and  the  coordinate  system  as  used  in  the  model 
of  the  roll  plane.  Note  that,  for  elliptical  cross  sections,  the 
fuselage  cross  section  is  designated  by  both  semi-major  (a^)  and 

semi-minor  (b^)  axes.  For  circular  cross  sections,  one  need  only 


^Burnside,  W.  D.,  Analysis  of  On-Aircraft  Antenna  Patterns,  Ohio 
State  University,  August  1972. 
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specify  the  radius  (a^) . The  program  automatically  completes  the 

fuselage  by  extending  tangential  surfaces  from  the  semi-minor 
axes  to  the  wings,  as  illustrated  in  Figure  3. 

The  wings  are  introduced  into  the  program  by  indicating  the 
number  of  wings  and  the  number  of  edges  per  wing.  These,  in  turn 
are  defined  in  3-dimensional  Cartesian  coordinates. 

The  numbering  of  wings  and  their  respective  corners  proceeds 
as  follows: 

Wing  #1  - wing  closest  to  the  nose  on  the  positive  side 
of  the  Y-axis 

Wing  #2  - going  counter-clockwise  from  wing  #1  - is  the 
horizontal  stabilizer  on  the  positive  side  of  the  Y axis 

Wing  #3  - continuing  counter-clockwise  around  the  tail 
and  onto  the  horizontal  stabilizer  on  the  negative  side  of  the 
Y axis 

Wing  #4  - wing  closest  to  the  nose  on  the  negative  side 
of  the  Y axis. 

If  the  antenna  is  located  forward  in  the  vicinity  of  the  main 
wings,  it  was  found  that  the  horizontal  stabilizers  may  be  omitted 
from  the  definition  of  the  aircraft,  since  their  contribution 
would  be  minimal  in  the  generation  of  the  overall  pattern.  As 
programmed,  the  corners  of  each  wing  are  numbered  in  a counter- 
clockwise direction  starting  on  the  positive  side,  of  the  Y axis 
at  the  forward  corner  and  on  the  negative  side  of  the  Y axis 
starting  in  the  aftmost  corner  adjacent  to  the  fuselage  (Figure  4). 
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The  wing  can  be  treated  as  a flat  plate;  i.e.,  all  corners 
lying  in  the  same  plane  (X-coordinate  = constant),  or  it  can 
have  a bend  (as  in  the  case  of  the  F-4H) . The  bent  wing  is  entered 
as  a flat  plate,  defining  all  the  corners  in  the  same  plane.  The 
axis  of  bend  is  then  established  by  giving  the  numbers  of  the 
corners  about  which  the  wing  is  bent  and  the  angle  of  bend  between 
the  wings  (Figure  5).  A flat  plate  (not  bent)  wing  is  identified 
by  a 180°  angle  of  bend. 


ANGLE  OF  BEND 


Figure  5.  Bent-wing  designations. 


If  more  than  two  wings  are  modeled,  the  number  of  edges  per 
wing  should  be  consistent.  If  one  pair  of  wings  has  five  corners 
per  wing  and  another  pair  has,  say,  four  corners,  then  an  imaginary 
5th  corner  should  be  created  for  the  second  pair  (Figure  4) . 

Wing  corners  along  the  fuselage  should  have  the  Y-coordinate 
values  of  the  b^  semi-minor  axis  of  the  fuselage.  As  previously 

mentioned,  the  program  automatically  completes  the  fuselage  by 
extending  tangential  surfaces  from  the  semi-minor  axes  to  the 
wings.  The  X-component  can  be  anywhere  within  the  limits  of  the 
a^  dimension  of  the  fuselage  (Figure  6) . 
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ANTENNAS 

Three  types  of  infinitesimal  radiating  sources  are  considered 
in  this  analysis:  monopole,  and  axial  and  circumferential  slots. 
The  solutions  allow  for  an  arbitrary  antenna  to  be  considered, 
using  a method  of  numerical  aperture  integration.  Thus,  many 
physical  antennas  can  be  approximated  by  any  one,  or  a combina- 
tion, of  the  three  basic  types.  Small-diameter  annular  slots 
on  the  fuselage  (used  as  ATCRBS  transponder  antennas  in  this 
analysis)  have  essentially  the  same  radiation  pattern  as  that 
of  a monopole  antenna  mounted  on  an  ideal  ground  plane 

Infinitesimal  Sources 

Monopole  and  slot  antenna  configurations  are  represented  by 
their  amplitude  (WM)  and  phase  (WP)  distributions  (tapers).  A 


^Jasik,  H.,  Antenna  Engineering  Handbook,  McGraw  Hill,  New  York. 
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single-element  antenna  representation  would  have  an  amplitude 
distribution  of  one  and  a phase  of  0°.  A slot  antenna  (axial  or 
circumferential)  is  also  identified  by  the  angle  (6)  between  the 
slot  and  the  Z axis  in  a clockwise  direction.  Thus,  a circum- 
ferential slot  would  have  6 = 90°  and  an  axial  slot  would  have 
3=0°.  Other  angular  configurations  for  6 are  also  acceptable 
(Figure  7) . 


Figure  7.  Slot  antenna  identification. 


Varied  Aperture  Antennas  and  Arrays 

Any  antenna  type  can  be  represented  by  its  aperture  distribu- 
tion. An  open-ended  waveguide  antenna  or  a slot  of  any  width  in 
terms  of  X,  for  example,  can  be  approximated  by  stacking  infin- 
itesimal slots  side-by-side  to  effect  a desired  aperture  configura- 
tion and  distribution.  An  array  of  up  to  six  infinitesimal  monopole 
elements  can  be  utilized  to  represent  an  antenna  configuration 
(analogous  to  a phased  array).  This  can  be  done  axially  or  circum- 
ferentially along  the  fuselage  of  the  aircraft.  Figure  8a, for 
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(d) 


Figure  8.  Representation  of  antenna  aperture  gain  distribution. 


10 


FAA-RD-77-121 


Section  2 


example,  shows  an  arbitrary  aperture  distribution  for  an  antenna 
to  be  analyzed.  A 5-monopole  array  arranged  axially  along  the 
fuselage  is  scaled,  giving  the  main  beam  gain  monopole  an  amplitude 
distribution  (WM)  value  of  1 and  phase  distribution  (WP)  of  0°. 

The  remaining  elements  are  then  normalized  in  terms  of  WM.  WP 
is  equal  to  zero  for  all  the  elements  since  there  is  no  phase 
shift  between  them,  thus  yielding  a best-fit  curve.  Figure  8b, 
resembling  Figure  8a.  The  main  beam  dominant  monopole,  as  well 
as  the  other  elements  of  the  array,  can  be  steered  by  the  phase 
angle  (WP)  in  any  direction  to  give  any  desired  distribution,  as 
for  example  in  Figure  8c.  This  is  done  by  assigning  appropriate 
values,  other  than  zero,  for  WP. 

In  a circumferentially  arranged  array  (Figure  8d) , the  WP 
values  of  all  elements  must  also  be  scaled,  in  addition  to  the 
WM  values,  to  effect  the  non-linear  arrangement  of  elements. 

This  array  can  also  be  steered  by  making  additional  adjustments 
to  the  amplitude  and  phase  to  produce  the  desired  effect. 

Antenna  locations  are  restricted  to  the  regions  on  the 
periphery  of  the  fuselage.  However,  the  model  accommodates  a 
wide  variety  of  aircraft  structures,  and  any  single  antenna  can 
be  represented  accurately  because  of  the  logical  relationships 
among  aperture  distribution,  aircraft  shape,  and  antenna  pattern. 

Antenna  Frequency  Considerations 

Various  scattering  bodies  should  be  no  closer  than  approxi- 
mately a wavelength  away  from  the  source,  and  the  overall  aircraft 
must  be  large  in  terms  of  the  wavelength.  This  sets  the  lower 
frequency  limit  of  the  model.  The  upper  frequency  limit  is  dic- 
tated by  the  model  representation  of  the  actual  aircraft  considered. 

Thus,  for  typical  aircraft  dimensions,  there  is  no  upper 
frequency  restriction.  The  higher  the  frequency,  the  more  accurate 
the  pattern.  Above  1 GHz  (X  = 1 ft.),  accurate  antenna  patterns 
can  be  obtained.  At  frequencies  where  X approaches  the  dimensions 
of  the  aircraft  (for  100  MHz  X = 10  feet,  for  10  MHz  X = 100  feet, 
etc.),  the  solutions  become  less  accurate. 

Antenna  Location 


The  model  assumes  a totally  reflecting  (metallic)  surface, 
and  the  antenna  should  be  mounted  within  X/4  of  the  fuselage  sur- 
face. Location  of  the  antenna  can  be  anywhere  along  the  periphery 
of  the  fuselage.  In  the  X-Y  plane  its  location  is  designated  by 
the  angle  which  is  the  angle  from  the  +X-axis  in  the  XY 

plane,  cannot  exceed  90°  (Figure  9).  If  the  antenna  is 
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located  on  the  belly  of  the  aircraft  as  in  Figure  9b,  the  air- 
craft must  be  rotated  by  180°  to  the  configuration  of  Figure  9c 
for  analysis,  where  the  angular  limit  imposed  on  is  satisfied. 

It  must  be  remembered,  however,  that  the  resulting  pattern  will 
thus  be  reversed  by  180°.  Antenna  location  along  the  length  of 
the  fuselage  is  denoted  by  the  Cartesian-coordinate  distance  along 
the  Z axis  from  an  arbitrary  origin. 

Usually  it  is  convenient  to  locate  the  antenna  such  that  it 
is  always  displaced  from  the  origin  of  the  coordinate  system  by 
the  dimension  a^  (Figure  10).  Thus,  the  origin  of  the  aircraft 

is  at  (0,  0,  0)  and  the  antenna  is  located  at  (a^,  0,  0) . 


Figure  10.  Antenna  and  flat-plate  wing  designations. 
PATTERN  DEVELOPMENT 

An  antenna  pattern  is  a mathematical  representation  of  the 
electric  field  strength  surrounding  a radiating  source.  The 

electric  field  vector  (E)  in  space  is  represented  in  terms  of  its 
two  orthogonal  components: 


, > «*•- 
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where 

= vertically  polarized  component  of  E 
Eg  = horizontally  polarized  component  of  E. 

The  model  computes  the  radiation  pattern  of  the  antenna  in 
terms  of  its  two  components.  Two  plots  are  provided,  one  for  each 
principal  plane  pattern.  The  term  principal  plane  will  be  used 
to  describe  the  plane  cutting  through  the  antenna.  One  plot  con- 
tains the  vertically  polarized  component  of  E and  is  identified 
as  the  E-PHI  (E-<|>)  plot.  The  other  contains  the  horizontally 
polarized  component  of  E and  is  identified  as  the  E-THETA  (E-0)  plot. 
The  two  plots  together  identify  the  E vector  in  totality. 

In  the  case  of  a radial  monopole,  for  example,  the  vertically 
polarized  component  will  usually  be  dominant.  In  the  roll  plane 
it  will  be  represented  by  the  E-((i  plot.  The  E-e  plot,  in  the 
same  roll  plane,  will  depict  the  horizontally  polarized  component. 

In  the  case  of  aircraft-mounted  antennas,  the  aircraft  struc- 
ture has  a pronounced  effect  on  the  shape  of  the  pattern  of  an 
otherwise  omni-directional  antenna.  This  is  to  be  expected,  since 
the  protruding  surfaces  of  the  aircraft  reflect  and  diffract  the 
E vectors.  With  the  source  mounted  on  an  infinitely  long  cylinder, 
it  can  easily  be  shown  that  the  surface  rays  from  the  source  propa- 
gate around  the  cylinder  in  helical  paths  (geodesics),  which  in 
turn  diffract  energy  tangentially.  This  diffracted  energy  that 
leaves  the  cylindrical  surface  is  either  reflected  or  diffracted 
when  it  impinges  on  a wing. 

The  total  field  is  found  by  summing  the  directly  radiated 
field  and  the  scattered  fields  from  the  wings,  using  the  super- 
position principle.  For  illustration.  Figure  11  shows  a point 
P in  the  far  field  of  the  antenna  where  a single  total  field 

vector  (F)  is  depicted  in  terms  of  its  vertically  polarized  (per- 
pendicular) component  (E-(|))  and  its  horizontally  polarized  (parallel) 
component  (E-0). 

The  model  will  generate  antenna  patterns  with  respect  to 
three  different  orientations:  roll  plane,  elevation  plane  (pitch), 
and  azimuth  plane  (yaw) . The  elevation  plane  and  azimuth  plane 
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configurations  are  obtained  by  shifting  the  roll  plane  orthog- 
onally so  that,  in  generating  the  antenna  patterns,  the  air- 
craft is  rotated  about  its  roll,  pitch  or  yaw  axis,  as  appro- 
priate. Therefore,  the  roll  plane  is  used  as  the  reference 
plane  throughout  this  report. 


Figure  11.  E-vector  representation  in  the  roll  plane. 


Roll-Plane  Orientation 

The  roll-plane  orientation  is  established  by  designating  the 
axis  through  the  fuselage  as  the  Z axis  (nose  to  tail).  The  axis 
through  the  wings  is  the  Y axis  and  the  X axis  is  mutually  perpen- 
dicular to  the  Y and  Z axis  (see  Figure  11).  With  this  convention 
established,  the  antenna  pattern  will  be  developed  by  rotating  the 
aircraft  about  the  Z axis  (the  axis  of  rotation) . As  the  aircraft 
is  revolved  through  360°,  the  pattern  will  be  traced  in  the  princi- 
pal plane  (in  this  case  the  roll  plane).  The  angular  excursion 
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in  the  X-Y  plane  is  designated  as  (p.  The  angular  excursion  from 
the  Z axis  (axis  of  rotation)  in  the  direction  of  the  X-Y  plane 
(roll  plane)  is  designated  as  0. 

For  program  execution,  the  following  criteria  identify  the 
roll  plane: 


where 

0^  and  (fi^  = the  rotation  angles  of  the  axis  of  pattern  rotation. 


This  implies  that  the  roll  plane  cross  section  of  the  aircraft 
will  be  in  the  plane  of  pattern  development  (X-Y  plane)  and  that 
this  plane  will  be  revolved  about  the  Z-axis. 

To  vary  the  location  of  the  pattern  cross  section  for  a given 
orientation  (see  Figure  12),  the  angles  0 and  p are  varied.  0 is 
the  angle  from  the  +Z  axis  toward  the  X-Y  plane  and  4>  is  the  angle 
from  the  +X  axis  in  the  direction  of  the  +Y  axis.  If  the  princi- 
pal-plane pattern  is  desired  then  0 is  maintained  at  constant  90° 
while  p is  incremented  in  discrete  steps  through  360°,  as  in  a 
of  Figure  12.  If  a roll-plane  pattern  is  desired  other  than  the 
principal  plane,  then  values  of  0 between  0°  and  90°  determine 
the  location  of  the  cut  parallel  to  the  principal  plane.  The 
smaller  the  angle  0 the  further  is  the  cut  from  the  principal 
plane,  as  in  e of  Figure  12.  As  0 approaches  90°,  the  cross  section 
location  gets  closer  to  the  antenna,  and  thus  closer  to  the  princi- 
pal plane.  This  is  illustrated  by  b in  Figure  12. 


In  implementing  the  steps  of  the  preceding  paragraph  to  gen- 
erate these  laminate  cuts  parallel  to  the  principal  plane,  certain 
contraints  on  (Ji  and  6 should  be  understood.  The  angle  4>  always 
cycles  through  360°  in  equal  increments  of  one  degree  or  greater. 
The  smoothest  plot  one  can  expect  from  the  model  would  contain 
360  data  points  spaced  at  1°  increments.  Thus,  the  accuracy  of 
the  plot  can  be  controlled  by  specifying  the  desired  angular 
separation  between  successive  calculations.  The  angle  0,  if 
allowed  to  remain  constant  " ®final^’  generate  a 

laminate  of  the  solid  3-diraensional  pattern  parallel  to  the  princi- 
pal plane.  If  0 is  allowed  to  vary  from  0°  to  180°,  in  equal 
increments  while  p goes  through  its  360°  cycle,  a solid  3-dimen- 
sional pattern  may  be  constructed. 
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Y 


Figure  12.  Development  of  patterns  parallel  to  the 
principal  plane. 
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Elevation  and  Azimuth  Plane  Analyses 

The  program  was  originally  written  to  do  the  roll- plane  anal- 
ysis. Elevation  and  azimuth  plane  analyses  are  accomplished  in 
the  same  manner  as  the  roll  plane,  provided  that  the  spherical 
coordinate  system  is  rotated  accordingly.  Figure  13a  shows  the 
coordinate  system  oriented  for  a roll-plane  analysis.  For  an 
elevation  plane  analysis,  the  axes  are  rotated  so  that  = 90° 

and  6^  = 90°  (Figure  13b).  The  operation  = 90°  implies  that 

the  X-axis  is  rotated  90°  (in  the  X-Y  plane)  and  is  interchanged 
with  the  Y-axis.  The  operation  0^  = 90°  implies  that  the  Z-axis 

is  rotated  90°  and  is  interchanged  with  the  new  X-axis. 

The  starting  position  for  axis  transformation  is  always  the 
roll  plane  (i.e.,  0^  = 0°,  = 0°).  For  axis  rotation  into  the 

azimuth  plane,  for  which  the  criteria  are  <ti^  = 0°  and  0^  = 90° 

(see  Figure  13c),  is  kept  at  0°  and  by  making  0^  = 90°,  the 

X and  Z axis  are  interchanged.  Note  that  in  all  three  cases 
(roll,  elevation,  and  azimuth)  the  pattern  is  developed  in  the 
X-Y  plane,  and  the  aircraft  is  revolved  about  the  Z-axis. 

In  the  course  of  axis  transformation,  note  that  vertical 
polarization  is  represented  by  the  E-0  plot  and  horizontal  polar- 
ization by  the  E-<|)  plot,  in  the  azimuth  plane.  Note  also  that 
the  elevation  plane  transformation  preserves  the  polarization 
convention  of  the  roll  plane;  i.e.,  E-(|)  plot  depicting  the  vertical 
polarization  and  E-0  depicting  the  horizontal  polarization. 

Other  than  the  axis  transformation,  everything  that  applies 
to  the  roll-plane  evaluation  also  applies  to  the  elevation  and 
the  azimuth  planes. 

In  the  elevation  plane,  the  fuselage  is  the  most  dominant 
structure.  Because  of  limitations  imposed  by  the  infinite  cylinder 
concept,  an  E vector  generated  on  the  fuselage  and  parallel  to 
the  fuselage  axis  would  propagate  to  infinity  without  reflecting 
or  diffracting.  This  causes  difficulties  in  program  execution. 

In  running  the  program  in  the  elevation  plane,  it  is  recommended 
tliat  angles  90°,  90°  and  270°  be  avoided  in  implementing  ^j^j^tial’ 

©final*  and  0^^^  . Replacing  them  by  89°,  89°  and  269°  will 
result  in  successful  execution. 
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3-Dimensional  Patterns 


Another  interesting  possibility  exists.  It  is  possible  to 
generate  a solid  3-dimensional  pattern  using  only  one  plane  (roll, 
elevation,  or  azimuth)  as  a vehicle.  Note  that  by  varying 
9 in  equal  increments,  it  is  possible  to  generate  "laminate" 
patterns  parallel  to  the  principal,  roll  plane  as  (|i  cycles  through 
360°  for  each  increment  of  0.  This  operation  can  also  be  carried 
out  in  the  elevation  and  azimuth  planes. 

As  for  the  single-plane  patterns,  the  best  resolution  on  a 

3-dimensional  pattern  that  can  be  achieved  is  a matrix  incremented 

every  1°.  As  0.  ...  ,=  0 goes  to  9^.  , = 180°  in  0.  =1° 

^ initial  * final  me 

increments,  a ({)  increment  of  one  degree  = 1°)  will  generate 

parallel  patterns  of  360°  coverage  sampled  every  1°.  This  pro- 
cedure completely  describes  a solid  of  revolution. 


FAA-RD-77-121 


Section  3 


SECTION  3 

COMPUTER  PROGRAM  INPUTS  AND  OUTPUTS 


GENERAL 

The  Ohio  State  University  Antenna  Pattern  model  has  been 
compiled  on  the  ECAC  UNIVAC  1110  computer.  Information  is  entered 
on  standard  80-column  automatic  data  processing  cards  whose  formats 
are  described  in  this  section  of  thi.‘  report. 

The  program  output  is  in  tabular  form  on  a high-speed  printer, 
and  data  may  also  be  produced  on  a magnetic  tape  for  use  on  a pro- 
grammable X-Y  plotter  (e.g.,  CALCOMP  plotter).  If  the  tape  option 
is  selected,  the  antenna  patterns  are  automatically  plotted  in 
a polar  form. 

INPUT  DATA 


Nine  types  of  data  cards  are  required  for  program  execution; 
under  some  conditions,  several  cards  of  a single  type  may  be 
required.  For  example,  as  many  as  six  cards  (type  3)  may  be  used 
to  describe  an  array  type  antenna;  and  the  wing  description  may 
require  multiples  of  types  7 and  8. 

Formats  for  the  input  data  cards  follow,  and  references  to 
the  appropriate  pages  in  this  report  are  included  where  necessary 
for  further  explanation.  Control  cards  are  not  included  because 
their  format  is  a function  of  the  type  of  computer  available. 


Type  1 Card 

Page 


Item 

Description 

Format 

Columns 

Reference 

1 

Number  of 

wings  to  be  considered^ 

I 

1 - 10 

6 

2 

Number  of 

edges  per  wing 

I 

11  - 20 

6 

3 

Frequency 

in  GHz 

F.P. 

21  - 30 

11 

^If  more  than  2 wings  are  being  used  (e.g.,  horizontal  stabilizers), 
the  no.  of  edges  per  wing  should  be  consistent  for  both  sets  of 
wings. 
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Type  2 Card 

Item  Description 

1 X-dimension  of  fuselage 

2 Y-dimension  of  fuselage  (b^) 

3 Number  of  sources^ 


Page 


Format 

Columns 

Reference 

(in.) 

F.P. 

1 - 10 

7 

(in.) 

F.P. 

11  - 20 

7 

I 

21  - 30 

9 

An  array  can  be  constructed,  consisting  of  a maximum  of  6 infini- 
tesimal elements,  depicting  any  desired  aperture  distribution.  Each 
element  of  the  array  must  be  entered  with  a separate  Type  3 card. 
Thus  a 6-element  array  would  have  six  type  3 cards. 


Type  3 Card 


Page 


Item 

Description 

Format 

Columns 

Reference 

1 

Type  of  antenna,  if  slot  = 1 

Radial  monopole  = 2 

I 

1 

- 10 

8 

2 

Angle  slot  with  Z axis^  (degrees) 

F.P. 

11 

- 20 

9 

3 

Angular  position  of  source^  (deg) 

F.P. 

21 

- 30 

11 

4 

Z-coordinate  of  source*^  (inches) 

F.P. 

31 

- 40 

13 

5 

WM^ 

F.P. 

41 

- 50 

9 

6 

WP® 

F.P. 

51 

- 60 

9 

^Axial 

slot  = 0°,  Radial  slot  = 90°. 

b,  , 
Angle 

not  to  exceed  90°.  If  angle  is  greater  than 

90° 

(source 

located  on  belly  of  aircraft),  see  discussion  in  Section  2. 

Generally  origin  of  coordinate  system  is  established  on  the  fuse- 
lage axis  (z  axis)  at  the  antenna  source,  in  which  case  Z = 0. 

^Amplitude  distribution;  for  single  infinitesimal  source  WM  = 1; 
for  an  array,  can  be  scaled  according  to  aperture  distribution 
(see  page  10) . 

®Phase  distribution;  for  single  infinitesimal  source  WP  = 0;  for  an 
array  can  be  scaled  to  steer  the  main  beam  (see  discussion). 
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Type  4 Card 


Page 


Item 

Description 

Format 

Columns 

1 

Additional  write  out  desired^ 

(T  or  F) 

Field  Data 

5 

2 

Pattern  plotted  by  pen  plotter^* 
(T  or  F) 

Field  Data 

10 

3 

Is  flat  plate  considered^ 

(T  or  F) 

Field  Data 

15 

Dump;  for  purposes  of  trouble  shooting  when  program  does  not  com- 
pute. 

^If  pictorial  representation  of  pattern  is  desired;  interface  with 
plotter, 
c 

If  wings  are  flat  then  = T,  if  wings  are  bent  then  = F. 


Type  5 Card 


Item 

Description 

Format 

Columns 

Page 

Reference 

1 

Initial  value  of  theta  in  degrees^ 

I 

1 - 

5 

15-20 

2 

Final  value  of  theta  in  degrees^ 

I 

6 - 

10 

15-20 

3 

Incremental  step  in  theta  in  degs.^ 

I 

11  - 

15 

15-20 

4 

Incremental  step  in  phi  in  degrees^ 

I 

16  - 

20 

15-20 

a o 

Constraints  on  0,  while  (p  goes  through  360  , to  generate  conics 

and  principal  plane  patterns. 

^Angular  increments  in  0 and  ^ at  which  values  of  F field  are 
desired . 
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Type  6 Card 


Item 

Description 

Format 

Columns 

Page 

Reference 

1 

THC  - rotation  angle  of  the  axis 
of  rotation  (degrees) 

F.P. 

1 - 10 

15-20 

2 

PHC  - rotation  angle  of  the  axis 
of  pattern  rotation  (degrees) 

F.P. 

11  - 20 

15-20 

3 

Blank 

21  - 30 

THC  PHC 

Elevation  plane  = 90°  - 90° 
Azinvuth  plane  = 90°  - 0° 
Roll  plane  = 0°  - 0° 


7 Card 

Page 

Item 

Description 

Format 

Columns 

Reference 

1 

Number  of  first  corner  at 

bend® 

I 

1-10 

7 

2 

Number  of  second  corner  at 

bend® 

I 

11  - 20 

7 

3 

Angle  of  bend*’ 

F.P. 

21  - 30 

7 

Corners  of  wing  that  define  the  axis  of  bend.  For  flat  plate 
wing  (i.e,  no  bend)  use  no.  of  edges  per  wing  for  both  items 
on  card. 

*^For  flat  plate  wing  angle  of  bend  = 180°.  Should  be  consistent 
with  item  3,  type  4 card. 

Note:  Card  1,  item  1 defines  the  number  of  wings  to  be  considered. 

Each  wing  definition  is  introduced  by  a separate  type  7 card. 
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Type  8 Card 


Page 


Item 

Description 

Format 

Columns 

Reference 

1 

X 

F.P. 

1 - 10 

6-7 

2 

Y 

F.P. 

11  - 20 

6-7 

3 

Z 

F.P. 

21  - 30 

6-7 

Note:  This  card  defines  the  Cartesian  coordinates  of  each 

wing.  Item  2 on  Card  1 defined  the  number  edges 
per  wing.  This  number  should  be  consistent  with 
the  number  of  type  8 cards  per  wing,  i.e.,  if  there 
are  4 corners  per  wing  then  there  should  be  4 type 
8 cards  defining  each  corner  of  the  wing.  Each 
additional  wing  (taken  in  proper  counter-clockwise 
sequence)  will  be  preceded  by  a new  Type  7 and 
by  a corresponding  set  of  type  8 cards. 


Type  9 

Card 

Item 

Description 

Format 

Columns 

Page 

Reference 

1 

Inches  of  desired  plot^ 

F.P. 

1 - 10 

-- 

2 

Type  of  plot  (IPLOT) 

1 = field  plot 

2 = power  plot 

3 = dB  plot 

I 

11  - 12 

3 

Field  data  - Title  of  plot'^ 

Alpha- 

numeric 

13  - 55 

-- 

^Depends  on  size  of  paper  available 

for  plot. 

Common  is 

4 inches. 

’May  input  any  comment  necessary  to 

identify  the  plot. 

25 


irs»» 


FAA-RD-77-121 


Section  3 


PROGRAM  OUTPUT  DESCRIPTION 


The  antenna  pattern  model  output  is  in  two  forms:  a series 
of  computer-printed  tables,  and  a magnetic  tape  for  use  on  an 
X-Y  plotter  to  draw  the  patterns  in  polar  form. 

Computer  Tabulations 

Examples  of  the  computer  listings  are  provided  in  APPENDIX  A, 
The  coordinate  system  presented  in  Figure  11  can  be  used  as  a 
reference  during  this  discussion. 

Note  that  two  APPENDIX  A tabulations  are  associated  with  each 
pattern,  the  first  captioned  E-PHI  and  the  second  E-THETA.  In  the 
roll  plane,  for  example,  the  E-PHI  vector  is  that  E-field  vector 
normal  to  the  principal  plane,  while  the  E-THETA  vector  is  the 
E-field  vector  parallel  to  the  principal  plane.  For  antennas 
whose  polarization  is  perpendicular  to  the  principal  plane,  the 
E-PHI  vector  will  dominate  over  most  of  the  pattern.  When  the 
polarization  is  orthogonal,  the  E-THETA  vector  will  dominate 
»ver  most  of  the  pattern.  The  reverse  is  true  for  the  azimuth 
plane. 

The  first  line  of  the  output,  ROTATED  COORDINATES,  identifies 
the  principal  plane  as  roll,  elevation,  or  azimuth: 

Principal  Plane  THC  (0^)  PHC 

Roll  0 0 

Elevation  90  90 

Azimuth  90  0 


The  columnar  headings  in  APPENDIX  A are  as  follows: 

THETA:  The  angle  0 (see  Figures  11,  12,  13).  0 is 

always  90°  when  a principal  plane  plot  is  desired; 
other  values  may  be  chosen  or  it  may  be  auto- 
matically incremented  (Data  Card  5). 

PHI:  The  angle  <()  (see  Figures  11,  12,  13).  (|)  will 

usually  be  incremented  in  discrete  angles  of 
not  less  than  1°,  0°  to  360°,  in  which  case  the 
antenna  pattern  entirely  around  the  aircraft  will 
be  computed  and  tabulated  (Data  Card  5) . 
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E-PHI/PHASE:  The  magnitude  and  phase  of  the  E-PHI  vector  at 
the  designated  angle  (PHI)  (on  E-PHI  listing 
only) . 


E-THETA/PHASE:  The  magnitude  and  phase  of  the  E-THETA  vector 
(on  the  E-THETA  listing  only). 

UNNORMALIZED:  Magnitude  of  the  E-PHI/E-THETA  vector  (IPLOT  = 
1),  in  terms  of  the  square  of  that  value  (IPLOT 
= 2),  or  in  dB  (IPLOT  = 3).  IPLOT  values  are 
specified  on  Type  9 cards. 


NORMALIZED:  Magnitude  of  the  E-PHI/E-THETA  vector  in  numerical 
terms  and  decibels  relative  to  the  largest  value 
of  the  vector. 


X-Y  Plot 


If  the  plot  option  was  requested  at  the  outset  of  the  program 
(CARD  4)  then  the  data  will  be  formatted  on  a plotter  tape. 

The  plots  consist  of  one  polar  coordinate  grid  for  E-THETA  and 
one  for  E-PHI.  The  size  of  the  plot  is  governed  by  the  dimensions 
of  the  paper  available  at  the  plotter  utilized  and  is  specified 
at  input  by:  RADC  = size  in  inches  of  desired  plot. 

Sample  Output 

Three  sample  computer  tabulations  of  E-PHI  and  E-THETA  are 
included  in  APPENDIX  A for  illustrative  purposes.  They  are: 


Table 

BOEING  747 

A-1 

Roll  Plane 

A-2 

Elevation  Plane 

A-3 

Azimuth  Plane 

Samples  of  the  CALCOMP  polar  plots  and  accompanying  input 
data  cards  are  provided  in  APPENDIX  B to  this  report,  where  meas- 
ured patterns  from  Lincoln  Laboratories  are  compared  to  the  OSUAP 
output . 
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SECTION  4 
RESULTS 

GENERAL 

The  Ohio  State  University  Antenna  Pattern  model  has  been 
adapted  for  execution  on  the  ECAC  UNIVAC  1110  and  the  CALCOMP 
programmable  X-Y  plotter.  Plots  were  made  for  the  antennas  on 
board  the  Boeing  747,  Boeing  727,  Cessna  150,  and  the  F-4H  air- 
craft and  are  presented  as  APPENDIX  B.  The  predicted  patterns 
are  plotted  with  solid  lines.  Where  measured  patterns  are 
available,  they  are  plotted  with  dotted  lines  in  the  same  illus- 
tration for  purposes  of  comparison.  TABLE  1 summarizes  the 
types  of  plots  and  their  location  in  the  report.  Following  each 
plot  is  a reproduction  of  the  worksheet  used  to  enter  the  data. 

TABLE  1 


LISTING  OF  FIGURES  IN  APPENDIX  B 


Aircraft 

Plane  of  Pattern 

Figure 

Page 

Boeing-747 

Roll 

B-1 

64 

Boeing-747 

Roll 

B-2 

66 

Boeing-747 

Roll 

B-3 

68 

Boeing-747 

Elevation 

B-4 

70 

Boeing-747 

Azimuth 

B-5 

72 

Boeing-727 

Roll 

B-6 

74 

Boeing-727 

Elevation 

B-7 

76 

Boeing-727 

Azimuth 

B-8 

78 

Cessna-150 

Roll 

B-9 

80 

Cessna-150 

Elevation 

B-10 

82 

Cessna-150 

Azimuth 

B-11 

84 

F-4H 

Roll  (dB) 

B-12 

86 

Roll  (Field) 

B-13 

87 

F-4H 

Elevation  (dB) 

B-14 

89 

Elevation  (Field) 

B-15 

90 

F-4H 

Azimuth  (dB) 

B-16 

92 

Azimuth  (Field) 

B-17 

93 
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Using  the  measured  data  as  a baseline  (where  available),  a 
statistical  analysis  was  performed,  and  each  plot  has  been  annotated 
to  show  the  mean  error  and  standard  deviation. 

CONCLUSION 


It  is  concluded  that: 

The  Ohio  State  model  will  provide  useful  and  accurate 
antenna  patterns  within  the  limitations  stated  below: 

a.  The  model  does  not  provide  pattern  data  fore 
and  aft  of  the  fuselage  within  volumes  defined  by  40°  cones  whose 
axes  are  coincident  with  the  longitudinal  fuselage  axis 

b.  The  model  does  not  account  for  pattern  pertur- 
bations caused  by: 

1)  engine  nacelles  and  fairings 

2)  any  part  of  the  landing  gear 

3)  extended  flaps 

4)  the  vertical  stabilizer. 

c.  Wings  (or  horizontal  stabilizers)  that  do  not 
intersect  with  the  fuselage  cannot  be  modeled 

d.  The  model  will  not  provide  antenna  patterns  for 
antennas  that  are  not  fuselage-mounted. 

RECOMMENDATION 


It  is  recommended  that  consideration  be  given  to  extending 
the  model  to  compute  the  antenna  patterns  for  the  voids  that 
presently  exist  fore  and  aft  of  the  fuselage. 
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APPENDIX  A 

SAMPLE  COMPUTER  TABULATIONS 
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BOEING  747  ROLL  PLANE  E-PHI  AND  E-THETA  TABULATIONS 
(Page  1 of  10) 
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APPENDIX  B 

SYNTHESIZED  AND  MEASURED  ANTENNA  PATTERNS  FOR  ATCRBS  ANTENNAS 


In  the  case  of  the  Boeing  747,  Boeing  727  and  Cessna  ISO  air- 
craft, measured  data  were  provided  by  Lincoln  Laboratories  in  the 
form  of  gain  values  expressed  in  dB.  These  have  been  compared 
statistically  with  the  outputs  of  the  model,  which  in  this  case 
are  also  expressed  as  gain  in  dB. 

For  the  F-4  aircraft,  measured  data  were  provided  by  McDonnell- 
Douglas  in  the  form  of  unitless  gain  values.  A comparison  with 
model  outputs  that  are  also  unitless  would  not  have  the  same 
meaning  as  dB  comparisons.  Therefore,  in  these  cases,  and  in  the 
cases  where  measured  data  were  not  available,  no  statistical 
comparison  is  provided. 

Where  given,  the  statistical  information  indicates  the  mutual 
error  between  the  model's  synthesized  pattern  and  the  measured 
pattern.  The  mean  error  (u)  and  the  standard  deviation  of  the 
error  distribution  (a)  are  relative  values  derived  from  the  abso- 
lute difference,  in  decibels,  between  corresponding  data  points 
on  the  two  patterns. 
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Antenna  'lount  Bottom 
I’olari  :at  ion  - Vertical 
Landing  Gear  - Uj 


MEAN  AND  STANDARD  DEVIATION 
(REUTIVE  dB  VALUES^ 

R = 4.15  dB 
o = 1.87  dB 


PREDICTED 

MEASURED 


Figure  B-1.  Boeing  747  roll  plane  (E-PHI). 
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TABLE  B-1 


BOEING 


Card  1 


2 

4 

1. 

No.  of  wings 

No.  of  edges/wing 

Frequency  in  GHz 

Cols.  1-10  (I) 

Cols.  11-20  (I) 

Cols.  21-30  (F.P.) 

Card  3 


747  ROLL  PLANE 


Card  2 


156. 

132. 

1 

X-diaension  of 
fuselage 

Y-dinension  of 
fuselage 

No.  of  sources 

Cols.  1-10  (F.P.) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (I) 

2 

0. 

0. 

0. 

1. 

0. 

Type  of  antenna 
Slot  • 1 Radial 
■onopole  • 2 

Angle  slot 
with  Z-axis 

Angular  position 
of  source 

Z-coordinate 
of  source 

WH 

WP 

Cols.  1-10  (I) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (F.P.) 

Cols.  31-40  (F.P.) 

Cols.  41-50  (F.P.) 

Cols.  51-60 

Card  4 Card  5 


F 

T 

T 

Additional  Write 
out  desired 
(T  or  F) 

Pattern  plotted  by 
pen  plotter 
(T  or  F) 

Is  flat  plate 
considered? 

(T  or  F) 

Col.  5 

Col.  10 

Col.  15 

90 

90 

90 

2 

Initial  value 
of  theta 
in  degrees 

Final  value 
of  theta 
in  degrees 

Incremental 
step  in  theta 
in  degrees 

Incremental 
step  in  phi 
in  degrees 

Cols.  1-5  (I) 

Cols.  6 - 10  (1) 

Cols.  11-15  (I) 

Cols.  16-20  (1) 

Card  6 


0. 

0. 

Col.  1-10  (F.P.) 

Col.  11-20  (F.P.) 

Cols.  21-30’ 

THC  (theta  rotation) 

PHC  (phi  rotation) 

n 


Col.  1-10  (F.P.) 


Col.  11-20  (F.P.) 


Col.  21-30  (F.P.) 


Card  7 (for  first  wing) 


4 

4 

180. 

No.  of  first 
corner  at  bend 

No.  of  second 
corner  at  bend 

Angle  of  bend 

Cols.  1-10  (I) 

Cols.  11-20  (I) 

Cols.  21-30  (-P.P.) 

Card  9 

4. 

3 

Inches  of 
desired  plot 

Type  of  plot 

1 * field  plot 

2 • power  plot 

3 * dB  plot 

Title  of  plot 

Cols.  I-IO  (F.P.) 

Cols.  11-12  (I) 

Cols.  13-55  (Alpha-numeric) 

For  Additional  Wings 


Card 

7 

4 4 

180. 

Card 

8 

1.  ISO. 

-132. 

-312. 

2.  150. 

•1200. 

624. 

3.  150. 

-1200. 

792. 

4.  150. 

-132. 

288. 

BtSI  AVAIL?, copy 
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Antenna  Mount.  - Bottom 
Polarization  - Vertical 
Landin)’  tlear  - Up 


Figure  B-2.  Boeing  747  roll  plane  (Z  - 768";  E-PHl) . 
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TABLE  B-2 

BOEING  747  ROLL  PLANE  (Z=768) 

Card  I Card  2 


2 

4 

1 . 

So.  of  wings 

No.  of  edges/wing 

Frequency  in  GHc 

Cols.  1-10  (1) 

Cols.  u.:o  (I) 

Cols.  21-30  (F.P.) 

156. 

132. 

1 

X-dinension  of 
fuselage 

^ -dinension  of 
fuselage 

No.  of  Sources 

Cols.  21-30  (1) 

Card  3 


2 

0. 

0. 

768. 

1. 

1 »•  1 

1)^0  of  antenna 
Slot  • 1 Radial 
■onopole  ■ 2 

Angle  slot 
with  Z-axis 

Angular  position 
of  source 

Z-coordinate 
of  source 

WM 

Cols.  I'lO  (I) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (F.P.) 

Cols.  31-40  (F.P.) 

Cols.  41-50  (F.P.) 

Cols.  51-60 

Card  4 


Card  S 


F 

T 

T 

Additional  Srite 
out  desired 
(T  or  F' 

Pattern  plotted  by 
pen  plotter 
(T  or  F) 

Is  flat  plate 
considered? 

(T  or  F) 

Col.  3 

Col.  10 

Col.  15 

Card  6 


0. 

0. 

Col.  1-10  (F.P.) 

Col.  11-20  (F.P.) 

Cols.  21-30 

7TC  (theta  rotation) 

PHC  (phi  rotation) 

90 

90 

90 

2 

Initial  value 
of  theta 
in  degrees 

Final  value 
of  theta 
in  degrees 

Increaental 
step  in  theta 
in  degrees 

Incremental 
step  in  phi 
in  degrees 

Cols.  1-5  (1) 

Cols.  11-15  (I) 

Cols.  16-20  (1) 

Card  7 (t'or  first  wing) 


4 

4 

_ _ 180. 

No.  of  first 
corner  at  bend 

Cols.  1-10  (I) 

Cols.  11-20  (1) 

Cols.  21-30  (F.P.) 

Card  8 


1 

150. 

132. 

-312 

2 

ISO. 

1200. 

624. 

3 

ISO. 

1200. 

792. 

4 

ISO. 

132. 

288. 

Col.  1-10  (F.P.) 

Col.  11-20  (F.P.) 

Card  9 


4. 

3 

Inches  of 
desired  plot 

Type  of  plot 

1 • field  plot 

2 • power  plot 

3 • dB  plot 

Title  of  plot 

Cols.  1-10  (F.P.) 

Cols.  11-12  (1) 

Cols.  13-SS  (Alpha-numeric) 

For  Additional  lings 


Cerd  7 

4 

180. 

Card  8 

1. 

150. 

-132. 

-312 

2. 

ISO. 

-1200 

624. 

3. 

ISO. 

-1200 

792. 

4. 

150. 

-132. 

288. 

BEST  AVAIU31E  COPY 
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\ntenna  Mount.  - Bottom 
Polarization  - Vertical 
I .<ndin^  (.ear  Up 


V = 2.0  dB 
o = 1.54  dB 


Figure  B-3.  Boeing  747  roll  plane  (6  = 30°;  E-PHI). 
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TABLE  B-3 

BOEING  747  ROLL  PLANE  (6=30°) 


Card  1 


2 

4 

1. 

No.  of  wings 

No.  of  edges/wing 

Frequency  in  GH: 

Cols.  1-10  (I) 

Cols.  11-20  (1) 

Cols.  21-30  (F.P.) 

Card  2 


156. 

132. 

1 

X-diwension  of 

Y-diacnsion  of 

No.  of  Sources 

Cols.  21-30  (I) 

Card  5 


2 

0. 

0. 

0. 

1. 

0. 

Ty^ie  of  antenna 
Slot  • 1 Radial 
■onopole  ■ 2 

Angle  slot 
with  Z-axis 

Angular  position 
of  source 

Z-coordinate 
of  source 

NM 

NP 

Cols.  1-10  (1) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (F.P.) 

Cols.  31-40  (F.P.) 

Cols.  41-SO  (F.P.) 

Cols.  51-60 

Card  \ Card  S 


30 

30 

90 

2 

Initial  value 
of  theta 
in  degrees 

Final  value 
of  theta 
in  degrees 

Increaental 
step  in  theta 
^n  degrees 

Incremental 
step  in  phi 
in  degrees 

Cols.  1-5  (1) 

Cols.  6-10  (1) 

Cols.  11-15  (1) 

Cols.  16-20  (1) 

F 

T 

T 

Additional  Write 
out  desired 
(T  or  F' 

Pattern  plotted  by 
pen  plotter 
(T  or  F) 

Is  flat  plate 
considered? 

(T  or  F) 

Col.  5 

Col.  10 

Col.  15 

Card  6 


mfugamm 

Cols.  21-30 

THC  (theta  rotation) 

PHC  (phi  rotation) 

Card  7 (for  first  wing) 


4 

180. 

No.  of  first 
corner  at  bend 

Angle  of  bend 

Cols.  1-10  (I) 

Cols.  11-20  (I) 

Cols.  21-30  (F.P.) 

Card  8 


1 

150. 

132. 

-312. 

2 

150. 

1200. 

624. 

3 

150. 

1200. 

792. 

4 

ISO. 

132. 

288. 

X 

Y 

Z 

Col.  1-10  (F.P.) 

Col.  11-20  (F.P.) 

Col.  21-30  (F.P.) 

Card  9 


4. 

3 

Inches  of 
desired  plot 

Type  of  plot 

1 ■ field  plot 

2 ■ power  plot 

3 « dB  plot 

Title  of  plot 

Cols.  1-10  (F.P.) 

Cols.  11-12  (1) 

Cols.  13-55  (Alpha>nuoeric) 

CDP'^ 


For  Additional  Wings 
Card  7 


4 

4 

18U. 

Card  8 

1. 

150. 

-132. 

-312. 

2. 

ISO. 

•1200. 

624. 

3. 

150. 

-1200. 

792. 

4. 

150. 

-132. 

288. 

FAA-RD-77-121 


Appendix  B 


Antenna  Mount.  - Bottom 
I’olariiation  - Vertical 
I.anclinp,  dear  - Up 


PREDICTED 

MEASURED 


MEAN  AND  STANDARD  DEVIATION 
(RELATIVE  dB  VALUES) 

p = 4.4  dB 
o = 2.2  dB 


Figure  B-4.  Boeing  747  elevation  plane  (E-PHI). 
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MEAN  AND  STANDARD  DEVIATION  — — — MEASURED 

(RELATIVE  dB  VALUES) 


U = 5.3  dB 
a = 2.2  dB 

Figure  B-5.  Boeing  747  azimuth  plane  (E-THETA). 
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TABLE  B-5 

BOEING  747  AZIMUTH  PLANE 

Card  I Card  2 


2 

4 

1 . 

No.  ot  wjngs 

So.  of  edgcs/wing 

Frequency  in  GH: 

Cols.  1-10  (I) 

Cols.  ii-:o  It) 

Cols.  :i-50  (F.P.) 

IS6. 

152. 

1 

X-dimension  of 
fuselage 

Y-dimension  of 
fuselage 

So.  of  Sources 

Cols.  1-10  (F.P.) 

Cols.  11-20  (F.P.) 

Cols.  :i-50  (I) 

Card  3 


2 

0. 

0. 

0. 

1. 

0. 

Tvfe  of  antenna 
Slot  • 1 Radial 
monopole  ■ 2 

Angle  slot 
with  Z-axis 

Angular  position 
of  source 

Z-coordinate 
of  source 

MM 

NP 

Cols.  I-IO  (I) 

Cols.  11-20  (F.P.) 

Cols,  il-50  (F.P.) 

Cols.  31-40  (F.P.) 

Cols.  41-50  (F.P.) 

Cols.  51-60 

Card  4 Card  S 


F 

T 

T 

Additional  Write 
out  desired 
(T  or  F 

Pattern  plotted  by 
pen  plotter 
(T  or  F) 

Is  flat  plate 
considered'' 

(T  or  F> 

Col.  10 

Col.  13 

90 

90 

90 

J 

Initial  value 
of  theta 
in  degrees 

Final  value 
of  theta 
in  degrees 

Incremental 
step  in  theta 
in  degrees 

Incremental 
step  in  phi 
in  degrees 

Cols.  1-5  (1) 

Cols.  6-10  (1) 

cols.  16-20  (11 

lard  ■ jt’or  first  wing) 


90. 

0. 

Col.  1-10  (F.P.) 

Col.  11-20  (F.P.) 

Cols.  21-30 

TIIC  (theta  rotation) 

PHC  (phi  rotation) 

i^^^Qnni 

ISO. 

Angle  of  bend 

Cols.  l-lO  (1) 

Cols.  11-20  (1) 

Cols.  21-30  (F.P.) 

FAA-RD-77-121 


Appendix  B 


\ntenna  Mount  - Bottom 
Po lar 1 lat ion  Vert ical 
Landing  Jiear  - Up 


MEAN  AND  STANDARD  DEVIATION 
(RELATIVE  dB  VALUES) 


PREDICTED 

MEASURED 


li  = 3.8  dB 


o 1.5  dB 


Figure  B-6.  Boeing  727  roll  plane  (E-PHI). 
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No.  of  first  Ho.  of  second 
corner  at  bend  corner  at  bend  Angle  of  bend 


Cols.  I-IO  (I)  Cols.  11-20  (I)  I Cols.  21-30  (F.P.) 
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TABLE  B-7 

BOEING  727  ELEVATION  PLANE 

Card  I Card  2 


2 

4 

1. 

So.  of  Wings 

No.  of  edges/wing 

Frequency  in  GH: 

Cols.  I-IO  (I) 

Cols.  ll-:o  (I) 

Cols.  21-30  (F.P.) 

90. 

84. 

1 

X-ditnension  of 
fuselage 

Y-diaension  of 
fuselage 

No.  of  Sources 

Cols.  I-IO  (F.P.) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (I) 

Card  3 


2 

0. 

0. 

0. 

1. 

0. 

T>-pe  of  antenna 
Slot  « 1 Radial 
aonopole  > 2 

Angle  slot 
with  Z-axis 

Angular  position 
of  source 

Z-coordinate 
of  source 

MM 

MP 

Cols.  l-iO  (I) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (F.P.) 

Cols.  31-40  (F.P.) 

Cols.  41-50  (F.P.) 

Cols.  51-60 

Card  4 Card  5 


F 

T 

T 

Additional  hrite 
out  desired 
(T  or  F' 

Pattern  plotted  by 
pen  plotter 
(T  or  F) 

Is  flat  plate 
considered? 

(T  or  F) 

Cel.  5 

Col.  10 

Col.  15 

89 

89 

89 

2 

Initial  value 
of  theta 
in  degrees 

Final  value 
of  theta 
in  degrees 

Increaental 
step  in  theta 
in  degrees 

Incremental 
step  in  phi 
in  degrees 

Cols.  1-5  (I) 

Cols.  6-10  (1) 

Cols.  11-15  (I) 

Cols.  16-20  (1) 

Card  6 


Card  7 (for  first  wing) 


90. 

90. 

Col.  1-10  (F.P.) 

Col.  11-20  (F.P.) 

Cols.  21-30 

THC  (theta  rotation) 

PHC  (phi  rotation) 

> aH  • 


4 

4 

180. 

No.  of  first 
corner  at  bend 

Mo.  of  second 
comer  at  bend 

Angle  of  bend 

Cols.  1-10  (I) 

Cols.  11-20  (I) 

Cols.  21-30  (F.P.) 

Card  9 


'4 

1 ^ ^ 

' 1 

•*a»«  -f 

i 

• • t 

of  plot 

1 • field  p|«« 

• pe«e«  pies 

1 #9  Hot 

i i 

1 

f|«le  e«  ple« 

• >t  • « aipn*  ««•*  >' 

FAA-RD-77-121 
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Antenna  'lount  - Bottom 
Polarization  - Vertical 
Landing  dear  - Up 


MIAN  AND  STANDARD  DEVIATION 
iRIIATUI  JR  VAI.IIESI 

.IR 


PREDICTED 

MEASURED 


* • 


• • • 


* • 
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TABLE  B-8 

BOEING  727  AZIMUTH  PLANE 


Card  1 


2 

4 

1 . 

Ko.  of  vings 

No.  of  edges/vfing 

Frequency  in  GHt 

Cols.  1-10  (I) 

Cols.  11-20  (I) 

Cols.  21-30  (F.P.) 

Card  2 


1 1 

84  . 

1 

) -diaension  of 
fuselage 

So.  of  Sources 

1 Cols.  1-10  (F.P.)  1 

Cols.  11-20  (F.P.) 

Cols.  21-30  (1) 

Card  3 


2 

0. 

0. 

0. 

1. 

0. 

T>'pe  of  antenna 
Slot  - 1 Radial 
aonopole  • 2 

Angle  slot 
with  Z-axis 

Angular  position 
of  source 

Z-coordi'nate 
of  source 

KM 

NP 

Cols.  1-10  (I) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (F.P.) 

Cols.  31-40  (F.P.) 

Cols.  41-50  (F.P.) 

Cols.  51-60 

Card  4 Card  5 


F 

T 

T 

Additional  hrite 

Pattern  plotted  by 

Is  flat  plate 

out  desired 

pen  plotter 

considered? 

(T  or  F' 

(T  or  F) 

(T  or  FI 

Cel.  5 

Col.  10 

Col.  IS 

90 

90 

90 

2 

Initial  value 

Final  value 

Incremental 

Increoental 

of  theta 

of  theta 

step  in  theta 

step  in  phi 

in  degrees 

in  degrees 

in  degrees 

in  degrees 

Cols.  1-5  (1) 

Cols.  6-10  (I) 

Cols.  11-15  (I) 

Cols.  16-20  (1) 

Card  6 


Card  7 (for  first  wing) 


90. 

0. 

Col.  1-10  (F.P.) 

Col.  11-20  (F.P.) 

Cols.  21-30 

THC  (theta  rotation) 

PHC  (phi  rotation) 

4 

4 

180. 

No.  of  first 
corner  at  bend 

No.  of  second 
corner  at  bend 

Angle  of  bend 

Cols.  1-10  (I) 

Cols.  11-20  (I) 

Cols.  21-30  (F.P.) 

Card  8 


1 

72. 

84. 

264. 

2 

72. 

600. 

672. 

3 

72 

600. 

768. 

4 

72. 

84. 

588. 

X 

Y 

Z 

Col  1 10  (F.P.) 

Col.  11-20  (F.P.) 

Col.  21-30  (F.P.) 

Card  9 


4. 

3 

Inches  of 
desired  plot 

Type  of  plot 

1 ■ field  plot 

2 > power  plot 

3 ■ dB  plot 

Title  of  plot 

Cols.  1-10  (F.P.) 

Cols.  11-12  (1) 

Cols.  13-55  (Alpha-nuaeric) 

(-or  Additional  liin|4 

I ( ar.l  “ 

I 4 )• 
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Antenna  Mount  - Bottom 
Polarization  - Vertical 
Landing  (iear  Down 


U > 5.8  dB 
o - 3.9  dR 


lifur*  B • t v«ttM  110  roll  plan*  II  I’m) 
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TABLE  B-9 

CESSNA  150  ROLL  PLANE 


C4H  1 


2 

4 

1. 

No.  of  wings 

No.  of  edges/wing 

Frequency  in  GHz 

Cols.  1<10  (I) 

Cols.  11-20  (1) 

Cols.  21-30  (F.P.) 

Cird  2 


2S. 

20. 

1 

X-di«ension  of 
fuselage 

Y-diaension  of 
fuselage 

No.  of  Sources 

Cols.  1-10  (F.P.) 

Cols.  11-20  (F.P.) 

Cols.  21-30  (1) 
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Antenna  Mount  - Bottom 
Polarization  - Vertical 


PREDICTED 

MEASURED 


MEAN  AND  STANDARD  DEVIATION 
(RELATIVE  dB  VALUES) 

p = 4.2  dB 
o = 3.5  dB 

Figure  B-10.  Cessna  150  elevation  plane  (E-PHI). 
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Antenna  Mount  - Top 
Polarization  * Vertical 
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MEAN  AND  STANDARD  DEVIATION 
(RELATIVE  dB  VALUES) 

u = 2.1  dB 
a = 3.2  dB 


PREDICTED 

MEASURED 


Figure  B-12.  F-4H  roll  plane  (dB  plot;  E-PHI). 
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Figure  B-13.  F-4H  roll  plane  (field  plot;  E-PHl) . 
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Figure  B-16.  F-4H  azimuth  plane  (dB  plot;  E-THETA). 
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Figure  B-17.  F-4H  azimuth  plane  (field  plot;  E-THETA).' 
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